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Abstract
The objective of the thesis was to explore the systematic and detailed study of the isopropylation of C-8 aromatics (xylenes and ethylbenzene) over zeolites in a fixed bed vapour phase down flow as well as batch reactor and to optimize the reaction conditions for the highest selectivity of dimethylcumenes or ethylcumenes in the isopropylation of xylenes and ethylbenzene respectively. The Chapter one presents a general introduction to the isopropylation of C-8 aromatic compounds (xylenes and ethylbenzene) using homogeneous (Friedel-Crafts acid catalysts) as well as heterogeneous acid catalysts. It also briefly describes the synthesis, modification and characterization techniques of different type of microporous metallosilicates and their catalytic application in the isopropylation reaction of C-8 aromatic compounds using alcohols and alkyl halides as alkylating agent. The Chapter two describes the synthesis procedure of various large pore zeolites like Beta with different silica-alumina ratio and metallosilicate analogs of the zeolite Beta like B-Beta, Ga-Beta and Fe-Beta. A brief description for the synthesis of other solid acid catalysts like ZSM-5, ZSM-12, Mordenite, MCM-41 and sulfated-zirconia incorporated mainly for comparative purpose. Modification of zeolite Beta, Mordenite and Faujasite using ion exchange method with aqueous solution of ferric nitrate was also described. All the synthesized and modified samples were thoroughly characterized by modern analytical tools like XRD, IR, BET surface area, TG-DTA, SEM and NMR. The Chapter three provides the detailed study of vapour phase isopropylation reaction of all xylene isomers (o-, m- and p-xylene) with isopropanol as alkylating agent over zeolite H-Beta and USY. Some other solid acid catalysts like zeolites H-Y, H-Mordenite, silica-alumina, sulfated-zirconia and MCM-41 were also included for comparative studies. B-, Ga- and Fe-Beta were also included for comparative studies in the isopropylation of m-xylene. The influences of various reaction parameters such temperature, contact time or WHSV, mole ratios of the substrate to alkylating agent and time on stream have been investigated. The Chapter four gives some important informations of the detailed study of vapour phase isopropylation reaction of ethylbenzene with isopropanol as alkylating agent over zeolite Beta, Moredenite and USY. Some other solid acid catalysts like zeolites like H-Y, silica-alumina, sulfated-zirconia and MCM-41 were also used for comparison of catalytic activity. The effect of various reaction parameters such temperature, contact time, substrate to alkylating agent mole ratio and time on stream have been investigated. The Chapter five describes the isopropylation reaction of C-8 aromatics (xylenes and ethylbenzene) with isopropyl halides as alkylating agent using iron-exchanged zeolite Beta (Fe/Beta) in the liquid phase batch reactor at relatively low temperature (353K) at atmospheric pressure with very short reaction time. Fe exchanged USY (Fe/USY) and Mordenite (Fe/Mord.) have been used for comparative catalytic activity and selectivity. The major findings of the thesis include: Vapour phase Isopropylation of Xylenes v The isopropylation of xylene isomers over Beta and USY takes place at relatively lower temperature (413-453 K) exhibiting quite high selectivity for total DMCs. v The effect of various reaction parameters such as temperature, feed rate, xylene/isopropanol molar ratio and TOS were studied. The optimum conditions for high DMC selectivity are: temperature (423 ? 10 K), WHSV = 3.25 h -1 , xylene to isopropanol = 6 to 8 (molar) for 1h. v The isopropylation of m-xylene was also carried out over other solid acid catalysts such as zeolites (HY, H-beta and H-mordenite), and silica-alumina and sulfated- zirconia for comparative studies. Interestingly, while over USY, the Sel 3,5-DMC was quite high (70-80%), all other solid acid catalysts including other zeolites exhibited high selectivity for 2,4-DMC. It may be recalled here that the formation of 3,5-DMC can also be, at least partly, due to bimolecular isomerization of 2,4-DMC to 3,5-DMC in the case of USY with large void space where bulky bimolecular intermediate can be accommodated. However, in the case of other zeolites (Mordenite and Beta) such bimolecular isomerization does not seem to occur. v ZSM-5 with 10 membered ring (0.54 x 0.56 nm and 0.51 x 0.55 nm) channels exhibits no catalytic activity even though H-ZSM-5 possesses high strength of acid sites. This is due to the reason that medium sized 10-membered ring channels are too small to accommodate the reactants and products. v Isopropylation of equilibrium mixture of xylenes (24% p-xylene, 54% m-xylene and 22% o-xylene) over the USY catalyst as a function of TOS, provides the selectivity of all the DMC isomers which follows the order: 3,5-DMC > 3,4-DMC > 2,5-DMC > 2,4-DMC > 2,3-DMC > 2,6-DMC. It may be recalled that the thermodynamic stability of the DMC isomers, also follows the same order. Vapour phase Isopropylation of Ethylbenzene v The alkylation of ethylbenzene with isopropanol was carried out over various catalysts like H-Beta, USY, H-Y, H-Mordenite, ZSM-12, ZSM-5, amorphous silica-alumina, sulfated-zirconia and MCM-41 under identical reaction conditions. Among these catalysts zeolite Beta, USY and Mordenite are quite active catalysts. v ZSM-5 with three-dimensional intersecting 10-membered rings (0.54 nm x 0.56 nm for straight and 0.51nm x 0.55 nm for sinusoidal) channels exhibits no catalytic activity even though H-ZSM-5 possesses a high strength of acid sites, due to its 10-membered ring medium sized pores. v Among these three active catalysts (USY, Beta and Modernite), the Mordenite was highly selective towards EC and p-EC but less active, on the other hand USY is highly active and less selective for EC. Zeolite Beta follows the middle path. v The distribution of EC isomers was significantly influenced by pore architecture of the zeolites. Mordenite with relatively narrow pores was highly para-selective, while Beta and USY exhibited less para-selectivity, due to their larger pores, vis-?-vis Mordenite. v The reaction takes place at relatively lower temperature (413-433 K) exhibiting quite high selectivity for mono isopropylated products. LIQUID PHASE ISOPROPYLATION 
v The iron-exchanged zeolites are highly active catalysts for the isopropylation of aromatic compounds with very high monoalkylated product selectivity. v The high catalytic activity of these zeolite catalysts is attributed due to the presence of non-framework Fe 3+ species. The non-framework iron species are known for their redox properties. v The aromatic compounds can be effectively isopropylated in liquid phase using Fe-Beta with 2-bromopropane at atmospheric pressure and moderate temperature (313-353 K) with high catalytic activity and selectivity for monoalkylated products in short reaction times (20-60 min). The catalyst is solid heterogeneous, reusable and "environmentally friendly". FUTURE OUTLOOKThe present thesis describes the detailed and systematic study of isopropylation of C-8 aromatic compounds over zeolites and other solid acid catalysts. As these isopropylated aromatics are converted to corresponding phenolic compounds which are very important sources for the production of pesticides, perfumery, pharmaceuticals, heat-transfer media, polymers, phenolic resins etc., using this procedure the obtained dimethylcumenes (from xylene isopropylation) and ethylcumenes (from ethylbenzene isopropylation) can be used in industrial xylenol/ethylphenol-production process which, involves the following three steps: 1. Isopropylation of C-8 aromatics to DMCs/ECs 2. Oxidation of DMCs/ECs to corresponding dimethylcumene hydroperoxide (DMCHP)/ethylcumene hydroperoxide (ECHP). 3. Acid cleavage of DMCHP/ECHP to corresponding xylenols/ethylphenols and acetone. Conventionally, xylenols are produced by dimethylation/methylation of phenol / cresols. The main drawback of this route is rather low yield and selectivity for desired product. Further, this route for producing xylenol is a multi-step one and gives a mixture of almost all the xylenol isomers. Therefore, in order to enhance the efficiency of xylenols/ethylphenols production our process could be used effectively. The iron-loaded zeolites are highly active catalysts for the isopropylation of aromatic compounds with very high monoalkylated product selectivity. The high catalytic activity of these zeolite catalysts is attributed probably due to the presence of non-framework Fe 3+ species. To find out the exact mechanism more work is needed in this relating 
  	 


